Abstract
Introduction

45
The brainstem, including the midbrain, pons, and medulla, involves structures with 46 complex white matter pathways and gray matter nuclei that are concentrated in a small area.
47
Intricate brainstem circuitries and nuclei serve systems such as respiratory and cardiovascular 
55
Fractional anisotropy (FA), one of the standard DTI indices, is known to be sensitive to detect 56 damages in orientationally organized structures (e.g. white matter fibers). Furthermore, based on 57 computing the directional information in each voxel of DTI, tractography is used to reconstruct 58 trajectories of white matter tracts that correspond to known neuroanatomy in 3-dimensional 59 space [1, 2] . Diffusion tensor tractography has orientation-based contrasts and thus permits not needed. Furthermore, the atlas was derived from data collected from healthy young adults using 85 a high angular resolution diffusion imaging (HARDI) sequence [13] , which is very difficult to Brain imaging data were collected at the Veterans Affairs Hospital in Palo Alto, CA,
115
USA, using a 3 tesla GE Discovery MR750 scanner with an 8 channel GE head coil. High-116 resolution T1-weighted images (T1WI) were acquired using three-dimensional spoiled-gradient 
Manual Tractography of The Brainstem Fibers
163
Manual brainstem tractography was performed on original b0 and DWI data using were manually drawn by an experienced radiologist in accordance to known brainstem anatomy.
174
The initial tractography consistently resulted in the intended trajectory, but additionally also 175 resulted in other trajectories, some of which potentially being artifacts, and some that could be the cerebral aqueduct, and ran dorsocaudally to the MLF (Fig 3) . The tractography pattern of 219 DLF was consistent with known anatomy and a previously-described tractography atlas [12, 21] . 
264
The tractographic anatomy, possibly related neurotransmitter systems and functions of 265 the nine tracts reconstructed from diffusion tensor tractography are summarized in Table 1 . within the anatomical landmarks based on the JHU-DTI-MNI atlas (also described in Table 1 Linear regression models were used to examine the relationships of FA or fiber density in 340 each brainstem tract with the two self-reported pain levels (i.e. 'pain right now' and 'worst pain 341 last month'), separately. 
Discussion
358
In this study, we introduced an automated tractographic approach based on a predefined
359
ROI atlas for efficiently tracking and isolating small white matter tracts in the human brainstem.
360
Our results demonstrated the usefulness of quantitative tractography in analyzing the relationship 361 between brainstem tracts and chronic pain. This application was used to detect several brainstem 362 fibers and diminished WM integrity levels were associated with pain severity.
363
Brainstem Tractographic Anatomy and Neurological Implications
364
Most brainstem fibers could be subdivided into three types of circuits: 1) the 365 corticopontine fibers that travel between spinal cord, pons, and the neocortices, including FPT,
366
CST, STT, POTPT (Table 1 and Fig 2C) ; 2) the reticular tracts that interconnect nuclei that are 367 located throughout the brainstem and the midbrain, including DLF, MLF, SCP, MFT and NST
368
( Table 1 and Fig 2A and 2B) ; and 3) the pontinopeduncle tracts that run transversely between skull-base that may confound local fiber tracking. 4) We also did not perform tractography of the
